Objective: The measurement of plasma total-homocysteine (tHcy) as a marker of folate and cobalamin status in patients with anorexia nervosa. Design: Plasma tHcy, folate, cobalamin and other determinats of tHcy of a random group of patients with anorexia nervosa were compared with our own reference values. Setting: The study was performed at the tertiary children's Hospital Sant Joan de De Âu. Sujects: All the female adolescents (n 43) coming to the Hospital during a one-year period, who were diagnosed with anorexia nervosa. Reference values for tHcy were simultaneously performed with apparently healthy adolescents (by history and analytical data) who underwent presurgical analysis for minor interventions, and other magnitudes we used our own reference values. Interventions: Plasma tHcy was measured by reverse fase HPLC with¯uorescence detection of the SBDF derivatives. Folate and cobalamin concentrations were determined by radioimmunoassay. Results: tHcy was signi®cantly increased in anorexic patients compared to reference values (Mann±Whitney, P`0.0001±0.001). Values were above reference range in 34% of patients, and high-normal range in 53% of patients. tHcy concentrations lowered in 8 and 11 patients after nutritional rehabilitation. Cobalamin and folate were in the reference range except for one case. No signi®cant correlation was found among tHcy, vitamins and other determinants of tHcy concentration. Conclusions: tHcy concentrations appear signi®cantly increased in adolescents with anorexia nervosa, most probably owing to subclinical folate de®ciency. This might be caused by both, intracellular folate de®ciency and impaired availability. Abnormal plasma tHcy values were completely corrected after nutritional rehabilitation. Sponsorship: D Moyano was the recipient of a grant from Hospital Sant Joan de De Âu, Barcelona.
Introduction
Anorexia nervosa is a severe nutritional disorder, affecting mostly female adolescents, characterized by excessive food restriction that results in a marked loss of weight. Although diets (self-designed and strictly controlled by the anorectic patients) are not uniform, as is the case of macrobiotic nutrition (Schneede et al, 1994) , the experience of several groups conclude that there is a general trend to a marasmic malnutrition in anorexia nervosa (Madruga et al, 1993; Nussbaum, 1992) . Therefore, either protein and energy, as well as micronutrients may result defective in this condition. However, in spite of being a severe eating disorder, it is associated with rather mild abnormalities in the classical parameters of malnutrition (Schebendach et al, 1992; Nussbaum, 1992) . Studies of biochemical data on vitamin and mineral status found in the literature are fragmentary and contradictory and most often reported for adults, however, subclinical vitamin de®ciencies might be considered in this disorder (Fisher et al, 1995) . The search for new diagnostic tools to detect the defective dietary components of diet may help to apply the adequate treatment that avoids the neurologic sequelae involved in these vitamin de®cien-cies (Carmel, 1989) .
Folate and cobalamin (as methylcobalamin) are involved as substrate and coenzyme, respectively, in the remethylation of homocysteine to methionine. Plasma total homocysteine (tHcy), the sum of all the homocysteine species that release this amino acid by reduction, increases considerably when there is an intracellular de®ciency of folate or cobalamin (Ueland et al, 1993) .
Our aim in this study was the detection of possible de®ciencies of folate and cobalamin in anorexia nervosa by the measurement of plasma tHcy. Cobalamin and folate concentrations as well as other tHcy determinants (Refsum et al, 1997) were also determined in an attempt to ®nd a relationship with tHcy values.
Materials and methods

Subjects
The female adolescents (n 43) coming to the Department of Pediatrics of our hospital during a one-year period, who were diagnosed of anorexia nervosa according to the criteria of the American Psychiatric Association (1994). They were analysed at diagnosis as a part of the biochemical evaluation of their nutritional status. Body mass index (BMI) calculated as weight divided by the square of height (kgam 2 ) was 17 (12±19) (median (range); normal population b 20). Renal function was normal in all the patients. Reference values for tHcy were simultaneously performed with apparently healthy adolescents (by history and analytical data) who underwent presurgical analysis for minor interventions (n 90). For the other biochemical and hematological magnitudes we used our own age-matched reference values. Blood was collected again in a group of 11 patients after six months of nutritional rehabilitation without special vitamin supplementation. Samples of patients and controls used for reference values were 
Specimens
Fasting venous blood was collected from patients with anorexia nervosa and controls used for reference values at 8:00 am. The samples were collected in Venoject tubes containing EDTA, placed in melting ice, and centrifuged within 15 min (3000 g, 10 min at 4 C). The plasma was rapidly separated, frozen at 7 40 C and analysed within the next fortnight. Serum samples collected in parallel for nutritional control were used for cobalamin and folate measurements.
Methods
Plasma samples were analysed for tHcy by reverse fase HPLC with¯uorescence detection of the SBDF derivatives . Within-run imprecision (n 18): 3% (70.9 AE 2.2 mmolaL), and 4% (8.9 AE 0.3 mmolaL); between-day imprecision (n 18): 6% (6.9 AE 0.4 mmolaL), and 6% (55.4 AE 3.1 mmolaL). Cobalamin and folate were determined by radioimmunoassay (ICN Pharmaceuticals SimulTRAC, Costa Mesa, CA, USA). (Farre Â et al, 1991) .
As an additional study, plasma sulfur amino acids, methionine and cystine, were included in the results (measured by ion exchange chromatography with post-column ninhydrin detection) (Moyano et al, 1996) .
Statistical analysis
Kolmogorov±Smirnov test was applied to study the distribution. Since tHcy, vitamin and amino acid values were not normally distributed, non-parametric Mann±Whitney test was used to compare patient and reference values, and Wilcoxon test to compare tHcy in the group of patients analysed at diagnosis and after nutritional rehabilitation. The Spearman linear regression coe®cient was used to established the relationship between concentrations of tHcy, folate, cobalamin, creatinine, BMI, methionine, cystine, MCV and hemoglobin in the patient group. Statistical analysis was performed with Statgraphics Statistical Graphics System, version 6.0.
Results
Plasma tHcy increases with age, so patients were distributed in two aged groups: (A) 11±15 y, and (B) 16±18 y, according to our reference values. tHcy was signi®cantly higher in patients in comparison with the age-matched reference population (Mann±Whitney, P`0.0001±0.001) (Table 1) (Figure 1 ). In seven patients of group A (26%) and eight of group B (50%) tHcy values were above the reference range. Moreover, 23 and of 43 patients (53%) showed tHcy concentration in the high-normal range of the reference values. tHcy concentrations lowered in 8 and of 11 patients after nutritional rehabilitation (Figure 2 ).
Folate and cobalamin of patients did not show signi®- Mann-Whitney, ***P`0.0001, **P`0.001; *P`0.02.
Plasma total-homocysteine in anorexia nervosa D Moyano et al cant differences in comparison with the reference values. They were in the reference range in patients except for one case (folate: 3.2 nmol/L), who showed the highest tHcy concentration (30 mmol/L). Creatinine concentration was signi®cantly higher in patients (P`0.0001), although within the reference range. Haemoglobin and MCV showed normal values in all the patients. No signi®cant correlation was found among tHcy, and folate (r 7 0.255), cobalamin (r 7 0.096), cystine (r 0.486), methionine (r 0.147), hemoglobin (r 0.058), creatinine (r 0.472), MCV (r 0.090), and BMI (r 7 0.090). However, there was a trend towards a negative correlation between tHcy and folate, and a positive correlation between tHcy and creatinine.
Discussion
Hematologic abnormalities (megaloblastic anemia) andaor neurologic dysfunction, which are the classical ®ndings suggesting cobalamin and folate de®ciency (Carmel, 1989; Ueland et al, 1993) , are apparently normal in anorexic patients. Recomended micronutrient needs stated 2 mg cobalamin and 150±180 mg folate for female adolescents (Story, 1992) . Given the poor nutricional intake of anorexic girls, a vitamin de®ciency seems inevitable, especially that of folate, which is the most important quantitatively. Therefore, despite the normal vitamin values (Table 1) , stated also by other authors (Nussbaum, 1992) , the investigation of subtle folate andaor cobalamin de®ciency by the assessment of their intracellular function re¯ected in plasma tHcy concentration may be useful to apply the adequate nutritional rehabilitation.
Plasma tHcy, as well as methylmalonic acid in serum and urine (Rasmussen et al, 1989) , have been demonstrated to be sensitive markers of intracellular folate and cobalamin de®ciency (Allen et al, 1990) . tHcy was measured and found signi®cantly high in anorexia patients. In fact, tHcy increases abruptly with serum cobalamin concentration below normal values (`130 pmolaL) (Ueland et al, 1993) , which did not occur in any of our patients, and increases moderately when serum folate concentration is subnormal (`5 nmolaL) (Ueland et al, 1993) , which is the case of only one of our patients with the highest tHcy concentration (30 mmolaL). Nevertheless, 21% of our anorexic patients had plasma folate concentration in the low normal range (5±10 nmolaL) and their median tHcy (12.4 mmolaL (range: 6.3±30)) was above the reference range, which is similar to other autors observations (Kang et al, 1987; Ueland et al, 1993) . However, although 37% of patients showed cobalamin concentration in the low normal range (150±270 pmolaL), their tHcy median was within the references range (9.6 mmolaL (5.8±30)). The speci®c signi®cance of the high tHcy concentration in relation to cobalamin and folate de®ciency is uncertain, since tHcy increases in both conditions (Ueland et al, 1993) . Methylmalonic acid should also be measured to discriminate between isolated cobalamin andaor folate de®ciencies. However, methylmalonate excretion (measured by gas chromatography) in 13 anorexic patients at diagnosis was within the reference range (`7 mmolamol creatinine) (data not shown). This suggests that intracellular folate depletion may be preponderant in this anorexic group. As stated by Ueland et al (1993) , folate undernutrition resulting in a serum folate content in the low-normal range is not suf®cient for optimal remethylation of Hcy, explaining the hyperhomocysteinemia.
Nevertheless, tHcy measurement does not predict the anorexic group since tHcy values of 63% patients overlapped with reference values, but it proves rather useful to detect the subclinical vitamin de®ciency in certain patients.
As regards related sulfur amino acids (Table 1) , methionine was signi®cantly increased (P`0.02), probably owing to muscle protein breakdown in order to cover energy demands and to preserve visceral proteins (Moyano et al, 1996) . The rather mild elevation of this precursor amino acid does not appear to directly determine increased tHcy values, since no correlation was found between both amino acid concentrations. However, high methionine values would determine high S-adenosylmethionine concentrations, that inhibit the enzymes of the remethylation pathway (methylene tetrahydrofolate reductase and betaine methyltransferase) and enhance the catabolism of Hcy through the transsulfuration pathway. If vitamin B6 tends to be de®cient in anorexia, activity of cystathionine bsynthase and cystathioninase would be impaired, and Hcy concentration would increase. This might also explain cystine de®ciency, found in our patients and stated also by other authors (Ghisol® et al, 1978; Schneede et al, 1994) . Vitamin B6 could not be measured in these group of anorexic patients. Although vitamin B6 de®ciency seems to determine plasma tHcy concentration to a lesser extent (Ubbink et al, 1993) , further studies should be carried out on this subject. Cystine depletion could also be in¯uenced by increasing demands for the synthesis of glutathione, the substrate for the antioxidant enzymes (glutathione peroxidase and reductase) of the main free radical scavenging .
tHcy values in anorexic girls do not signi®cantly correlate with any of the biochemical magnitudes and Hcy determinants measured, vitamins, amino acids, creatinine, BMI, and hematologic indices. However, in patients there was a trend towards a positive correlation with creatinine and a negative correlation with folate, also observed in macrobiotic infants (Schneede et al, 1994) . Creatinine values found in our anorexic patients appeared quite homogenous compared with reference values, and although signi®cantly high, they are within the reference range. In fact, we are dealing with an homogenous group of patients (similarly low muscular mass and high physical activity). Creatine (and creatinine) formation is dependent on Sadenosylmethionine, so that for every molecule of creatine one molecule of Hcy is formed (Refsum et al, 1997) . However, S-adenosylmethionine is involved in many other methylation reactions, and plays an important role in the complex control of Hcy metabolism (Fowler et al, 1997) . In fact, high S-adenosylmethionine might interfere with folate availability for the remethylation of Hcy to methionine and thus, with intracellular folate function, indirectly contributing to high Hcy values. Subnormal folate concentrations tend to negatively correlate with high tHcy values (Ueland et al, 1993; Ubbink et al, 1993) , which is not the case when there is a genetic cause determining the hyperhomocysteinemia (Kang et al, 1996) . In fact, nutritional rehabilitation without speci®c vitamin supplementation corrected tHcy abnormal values in all the patients (Figure 2 ), con®rming their nutritional origin.
Conclusions
In summary, tHcy concentration appears signi®cantly increased in adolescents with anorexia nervosa most probPlasma total-homocysteine in anorexia nervosa D Moyano et al ably owing to a subclinical folate de®ciency. This might be caused by both, intracellular folate de®ciency (insuf®cient folate intake), and impaired folate availability (in¯uenced by high S-adenosylmethionine). Abnormal plasma tHcy values were completely corrected after nutritional rehabilitation.
